Introduction
Combined hormonal contraceptives (CHC, oral, vaginal ring, patch) are increasingly used by adolescent and young adult women who are maturing toward peak areal bone mineral density (BMD) and toward achieving adult regular, normal length menstrual cycles with normal ovulation 1, 2 . At baseline in the population-based Canadian Multicentre Osteoporosis Study (CaMos), 87% of adult women aged 25-45 years reported having used CHC for at least 3 months at some point in time in the population-based Canadian Multicentre Osteoporosis Study (CaMos) women aged 16-40 years from the Youth (2004) (2005) (2006) 11 and Adult 12 Cohorts showed peak BMD at the femoral neck and total hip was accrued during ages [16] [17] [18] [19] years and for lumbar spine between ages 33-40 years 13 . Bone modeling is required to achieve peak BMD. CHC use with ethinyl estradiol doses from 20 to 35 micrograms suppresses both bone formation and resorption in young women 14 . Thus CHC may suppress modeling and impair BMD accrual during the critical period of adolescent achievement of peak bone mass and optimal growth 4 . When CHC was introduced more than 50 years ago, it was presumed to be positive for bone health since menopausal ovarian hormone therapy increased BMD; it now is proven that this therapy prevents bone fractures 15 . CHC-related BMD effects, however, likely differ in adolescent women who have not yet accrued their peak BMD versus those having more mature skeletons 4 . Several prospective studies reported that adolescent CHC users gained less spinal BMD than non-users [16] [17] [18] ; others reported no differences in BMD change 19, 20 . Recently, our Centre for Menstrual Cycle and Ovulation Research conducted a meta-analysis of prospective studies of CHC use and BMD accrual in adolescents (ages 12 to 19 years) having sufficient data for quantitative synthesis. We documented that CHC-using adolescents from multiple cohorts and multiple countries attained significantly less spinal BMD than non-using controls (Goshtasebi, in review 7/2017, personal communication). Thus, prospective, population-based data are needed to more accurately describe any relationship between CHC use and BMD change in adolescent and young adult women.
The primary objective of this investigation was to document 2-year BMD changes related to CHC ever versus never use in women in the randomly sampled Youth Cohort of the Canadian Multicentre Osteoporosis Study (CaMos) and to separately describe BMD change in adolescent (16-19 years) and young adult (20-24 years) women. We also assessed whether BMD change related to CHC ethinyl estradiol dose or the age at which CHC users first started taking CHC. We hypothesized that BMD accrual would be impaired in adolescent CHC users, and that age at starting CHC, but not estrogen dose, would be negatively associated with BMD changes.
Materials and methods
Between the years 2004 and 2006, CaMos recruited women and men aged 16-24 years into a Youth Cohort; 527 women randomly selected from the population around each of the nine centres across Canada were enrolled as previously described 11 . Ethics approval was obtained from each centre's research ethics board plus from the board at McGill University for the entire study. All participants signed informed consent (if at or above the age of majority, or by a parent/guardian if younger) and assent (for those younger). Using the same sampling approach as for the adult CaMos cohort 21 , we mailed invitation letters to randomly selected households within 50 kilometers around our nine research centres: Vancouver, Calgary, Saskatoon, Toronto, Hamilton, Kingston, Quebec, Halifax, and St. John's. We subsequently telephoned to determine whether a person of the appropriate age/sex lived there.
In this 2-year longitudinal study, each participant, at baseline and after two years, completed an intervieweradministered, validated 22 , comprehensive CaMos questionnaire that assessed CHC use by brand name (from which we could assess the ethinyl estradiol dose), age at and the main reason for first CHC use, age at menarche, parity, dietary and supplemental (total) calcium and vitamin D intakes, recreational and occupational physical activity, alcohol and cigarette use. After one year, participants completed a postal questionnaire inquiring about medications including CHC use.
To preserve the population-representativeness of the sample, available data from all participants were included unless they had been pregnant in the last year, were within one year of starting lactation 23 [n=6] or reported taking injectable medroxyprogesterone contraception (Depotmedroxyprogesterone) before, at baseline or during the study [n=10]) 24 . We excluded no others since few of these young women had major illnesses (e.g. inflammatory bowel disease) or used BMD-altering medications (such as pharmacological glucocorticoids). We previously reported in this cohort that neither asthma nor prevalent fractures were related to baseline BMD 11 . Clinical examinations at baseline and after two years included height and weight measurements in light clothing without shoes with which we calculated body mass index (BMI, kg/m 2 ). We also assessed areal BMD (g/cm 2 ) by dual energy X-ray absorptiometry scans of the lumbar spine (L1-4), femoral neck, and total hip. All bone measuring centres conducted daily/weekly quality control. A phantom was circulated to each centre during each bone measurementyear; all BMD data were calibrated to this common phantom as reported 12 . We defined women as never CHC users (N-CHC) if they did not report past or current use of CHC at baseline, after one or two years. Women who reported CHC use on any questionnaire were considered ever CHC users (E-CHC). E-CHC users could change agents or use CHC intermittently or continuously.
Statistical analysis
We performed analyses for the whole 16-24 year old cohort of women and also stratified into adolescent (16-19 years) and young adult women (20-24 years) . Means and 95% confidence intervals (CI) were computed for continuous variables and t-tests were used to compare baseline characteristics of E-CHC and N-CHC groups. We determined each E-CHC woman's average ethinyl estradiol dose in micrograms based on self-reported CHC formulations; the 17% who reported no brand/dose were omitted from this calculation; only two women used the 15 micrograms ethinyl estradiol-releasing vaginal ring CHC and only for a portion of the duration of the study.
We fitted a multivariable linear regression model to examine associations between current study CHC use (never/ ever) and 2-year BMD change at each skeletal site: lumbar spine, femoral neck and total hip. Regression diagnostics included visual inspection of graphs of residuals. A positive change indicated a 2-year BMD increase; a negative change, a decrease.
We included the following baseline variables as covariates in our models: age, height, body mass index (BMI), menarche age, total calcium intake (dietary and supplements in categories: <800, 800-1200, >1200 mg/day), 24 hour physical activity (kcal/d doing moderate, strenuous or vigorous exercise), alcohol consumption (beverages per week) and current smoking (yes/no). Models were further adjusted for baseline site-specific BMD and two year change in BMI. We fitted similar models with E-CHC users stratified according to estrogen dose: less than and greater than 30 micrograms (since there was little range in doses and they were not normally distributed). We also fitted multivariable models to examine the association between age at starting CHC and BMD change, adjusted for the same variables as above. Data are reported as plus or minus standard deviation (±SD) or as 95% confidence intervals (95%CI). Statistical analyses were performed using SAS 9.4 (Cary, NC, USA).
Results
Of 527 women aged 16-24 years recruited, 307 women provided complete baseline, 2-year BMD change and CHC use information ( Figure 1 ). Youth Cohort women's participation rate was 24.2% 11 . Many enrolled women (n=220) did not complete a 2-year questionnaire and second bone density measurement; this was primarily related to changing residence due to education, employment, relationships and other priorities. Those included (n=307) compared with not included women (n=220), started CHC use at a similar age, had similar baseline weight, height, BMI, menarche age, physical activities and baseline BMD values at all sites (Supplemental Table) . However, those not included were older, had lower average baseline total calcium and vitamin D intakes, and were more likely to currently smoke and to drink >1 alcohol serving per month.
Of the 307 women in the prospective cohort (168 adolescent, 139 young adult), 61.9 % (n=190) were using CHC at baseline and a further 39 women began using CHC during the study. Thus, over two years, 74.6% (n=229) ever used CHC and 25.4% (n=78) never used CHC. Of the E-CHC users, 91 were intermittent and 138 were continuous users. Estrogen dose, available in 190 CHC users, averaged 26.5 micrograms per day (range= 15 to 35). Table 1 provides baseline demographic, reproductive, nutritional, lifestyle and lumbar spine, femoral neck and total hip BMD data for the whole cohort plus BMI change data. Mean baseline age at starting CHC was 17.2 years (SD=2.3); when including women who subsequently started CHC, however, average age at first E-CHC was 17.5 y (SD=2.3). Average age at starting CHC was earlier in adolescents (16.6, SD=1.6 years) compared with young adults (18.4, SD=2.6 years) (95% CI of the difference: -1.2, -2.4 ). Only 36 young women smoked and these averaged 8.0 cigarettes/day (SD=5.5). At baseline 50.5% of women drank ≥ one alcoholic beverage per month. Most of these Youth Cohort women, roughly reflecting the characteristics of the Canadian population, were Caucasian (88.6%) with East Asians being the second most prevalent race/ethnicity. Table 2 provides baseline demographic and BMD average data comparing those who were N-CHC with E-CHC users. Those who ever used CHC were significantly older and taller but did not differ from N-CHC in weight or BMI. Menarche age and total calcium intakes were similar. Total vitamin D intake was greater in E-CHC; however, in each group at baseline, few used vitamin D supplements (15.0%, n=46; nine N-CHC [7.27 micrograms per day], and 37 E-CHC [8.57], mean 8.31 micrograms per day). Likewise, at baseline only a small proportion of women were taking calcium supplements (3.3%; n=10; one N-CHC [175 mg/d] and nine E-CHC [394 milligrams per day]; mean 372 milligrams per day). Alcohol intake was significantly higher in the E-CHC group as was the prevalence of smoking, with only one N-CHC smoking three cigarettes/d but 35 E-CHC smoking a mean of eight (8.1) cigarettes per day (SD=5.5).
Baseline BMD values were not different at any site between N-CHC and E-CHC users (Table 2 ). Over two-years body mass index increased significantly in N-CHC women by 0.62 kg/m 2 (SD 1.6 [95% CI 0.26; 0.98]) whereas BMI did not change significantly in E-CHC users (0.17, SD 1.9, 95% CI -0.08; 0.42). N-CHC users were more likely to be nonCaucasian (28.2%) than E-CHC users (5.7%). We did not include race in multivariate models due to the small numbers of non-Caucasian CHC users (n=13). In addition, we found non-significant change in BMD results in univariate models of Caucasians/non-Caucasians at any site (data not shown). also have more positive BMD gains at the femoral neck and the lumbar spine sites. In young adults, unadjusted BMD changes at all sites were similar between N-CHC and E-CHC. Table 3 documents BMD 2-year adjusted change estimates with their 95% CI for N-CHC versus E-CHC for the whole cohort and separately within adolescent and young adult women groups. Adolescent N-CHC users, after adjusting for bone-related covariates, tended to gain more femoral neck ; 95%CI:-0.002; +0.021). After adjusting for covariates, adolescent change in total hip and lumbar spine BMD was not significantly different between groups. However, in the young adult adjusted models, N-CHC users experienced significantly less positive femoral neck BMD change than E-CHC (-0.021 g/cm 2 ; 95% CI: -0.037, -0.006); similar trends occurred at the total hip and lumbar spine sites. Table 3 also presents adjusted 2-year BMD change estimates from the multivariable regression model for age at first use of CHC for the whole cohort including both adolescent and young adult women. Age at first CHC use was not associated with BMD change at any of the sites.
CHC
In the 190 women with available CHC estrogen doses, adjusted 2-year BMD change was not significantly associated with average estrogen levels of less than 30 micrograms (n=119) compared with average doses of equal to or more than 30 micrograms (n=71) at any site [spine: -0.002 g/cm 2 (95% CI -0.011; +0.008); femoral neck: -0.003 g/cm 2 (-0.012; +0.007); total hip: -0.001 g/ cm 2 (-0.009; +0.007)].
Discussion
In this first population-based prospective study describing associations between CHC use and changes in BMD in adolescent and young women ages 16-24 years, 75% of women used CHC for some or all of the time during the 2-year study. Average age at starting CHC in adolescents (16.6 years) was significantly younger than in young adults (18.4 years). Adolescents who used CHC had significantly less positive unadjusted BMD change at the total hip after two years with a trend toward less positive adjusted BMD change at the femoral neck. By contrast, adjusted femoral neck 2-year BMD changes were significantly more positive in E-CHC versus N-CHC users with trends toward similar differences at the lumbar spine and total hip BMD sites. In the entire CaMos Youth cohort (ages 16-24 y), adjusted BMD changes were not related to CHC estrogen dose (less than 30 versus equal to or more than 30 micrograms) nor to age at first CHC use.
This study confirms the literature [16] [17] [18] that in adolescents CHC use may interfere with the gain to peak BMD. In previous prospective studies, adolescent CHC users demonstrated less gain in lumbar spine BMD compared with non-CHC using controls 20, 25, 26 . However, in the present study, CaMos adolescents had no significant unadjusted or adjusted CHCrelated 2-y spine BMD changes; reasons for this are unclear. There are several prospective studies in adolescents that measured BMD changes at the levels of femoral neck or total hip sites. Similar to our findings, Pikkarainen et al., showed less femoral neck BMD (or bone mineral content) gain in CHC users versus non-users 17 . Cromer et al. showed significantly less femoral neck BMD accrual in CHC adolescent users (12-20 years old) compared to controls after one year 27 but this difference was no longer significant after two years 26 . Similarly, a Chinese study reported no statistically significant difference in femoral neck BMD changes after two years of CHC use or non-use in adolescents 20 .
The only available population-based study of adolescent E-CHC and N-CHC users was cross-sectional 28 . Like results of the present study, it showed no baseline BMD differences between groups 28 . CHC use has consistently been shown to suppress bone biomarkers 14, 19, [29] [30] [31] [32] . Unlike previous studies 19, 27, 33 , we found no evidence suggesting that women who used CHC preparations with lower estrogen doses had less positive BMD changes. Adjusted data also showed that in CHC users the average age at starting CHC was not related to BMD change; cross-sectional results in the CaMos Adult Cohort were similar 3 . Young adult E-CHC users aged 20-24 years in this study showed no unadjusted differences in BMD changes compared with N-CHC users. However, unexpectedly E-CHC young adult women demonstrated significantly greater adjusted 2-year BMD gains at the femoral neck compared with same-aged N-CHC users. This has not previously been reported. Reasons for this are unclear and further exploration of this is needed.
Increased risk for fragility fracture in later life is a potential and important clinical outcome of lower peak BMD accrual in women who were CHC users [4] [5] [6] . A current Cochrane meta-analysis of fracture related to CHC use in younger women found insufficient data to allow any conclusion 34 . However, three large retrospective observational studies of menopausal women who reported previous CHC use all showed that incident fractures were approximately 20% higher in past CHC users compared with never-CHC using controls [35] [36] [37] . We highlight several strengths of this study including the Canada-wide random population sampling, 2-year prospective design and collection of an array of important bone covariates. We used an interviewer-administered questionnaire, obtained direct measures of height and weight and standardized BMD measures to a common phantom. We collected data on CHC formulations from which we determined E-CHC user's average estrogen doses. We also avoided the loss of power that would have resulted from stratification to continuous and intermittent CHC use.
This study was limited not only by a low participation rate (common in studies of young people) but also by loss to twoyear follow-up. Retention of adolescent and young adult participants is challenging given their geographic mobility and major life transitions. However, baseline included and nonincluded women did not differ in BMD or BMI. Bone biomarkers or three-dimensional bone microstructure and strength were also not feasible in this study. Finally, it was difficult to assess the exact durations of 2-year CHC use hence categorization as ever versus never CHC use in our analysis.
In conclusion, in this population-based Canadian cohort, adolescent users of CHC demonstrated less 2-year peak BMD accrual than adolescent non-users of CHC. Adolescent CHC-users also tended toward less gain in adjusted BMD at the femoral neck compared with N-CHC adolescents. Furthermore, at the total hip, the adolescent E-CHC group also demonstrated significantly more negative unadjusted BMD changes and a trend toward less BMD gain at lumbar spine and femoral neck in comparison with the adolescent N-CHC group. However, young adult E-CHC users had more positive adjusted BMD change at the femoral neck compared with N-CHC using women.
Mean age at first CHC use was 19.8 years in Canadian women aged 25-45 years in 1998 3 , but was significantly younger at 17.5 years (-2.5 y; 95% CI -2.0; -2.8) in those aged 16-24 in this cohort. This decrease in age at first CHC use is of public health concern given the high prevalence of CHC use (75%) in this cohort of adolescent and young adult women. Thus, more young women who have not yet reached peak BMD are likely to be exposed to the potentially detrimental effects of CHC on peak BMD accrual. Randomized controlled trials are urgently needed to investigate the possibility that CHC use in the early years post-menarche has a negative influence on optimal bone accrual, particularly at the femoral neck, and thus on future hip fracture risk.
